Granulosa cell-inhibitory factor (GCIF), a low molecular weight factor from bovine follicular fluid, inhibits the proliferation of bovine granulosa cells in vitro and the growth of large follicles in rats in vivo. In this study the effects of (1) immunization of rats against GCIF on follicular growth and (2) immunization of sheep against GCIF on ovulation rate were studied. The ability of antiserum from sheep immunized against GCIF to reduce the inhibitory effect of GCIF on bovine granulosa cell proliferation in culture was also examined. Immunization of rats against GCIF increased the number of large follicles (P < 0.001) but decreased the number of small follicles (P < 0.05) per ovary. Ovarian mass (P < 0.05) and uterine wet (P < 0.05) and dry (P < 0.01) masses were increased in immunized rats. Immunization of sheep against GCIF, followed by boosting over two breeding seasons, increased ovulation rate (P < 0.01). Addition of antiserum from sheep immunized against GCIF reduced or abolished the inhibitory effect of GCIF on granulosa cell proliferation (P < 0.01). These data provide further evidence that GCIF has an important role in controlling follicle growth and ovulation in vivo.
Introduction
Knowledge of the control of ovarian follicle growth and ovulation is crucial to devising better methods for the control of both human and farm animal reproduction. For many years, it was thought that ovulation was strictly controlled by gonadotrophins and the ovarian steroids, and by interactions between these compounds. However, in spite of the fact that in monovular species, such as cattle and humans, many follicles develop as a cohort and are subjected to the same endogenous gonadotrophic environment and are, in theory, all capable of ovulating, normally only one follicle from the cohort is ovulated and the remainder undergo atresia (Spicer and Echternkamp, 1986) . McNatty and Sawers (1975) showed that removal of large follicles from the ovary by cauterization was associated with a compensatory increase in the mitotic index of granulosa cells in the remaining follicles and they postulated that the cauterization of large follicles removed an endogenous inhibitor of granulosa cell mitosis present in the follicular fluid of such follicles. This hypothesis was supported by the finding of Cahill et ah (1984) that administration of steroidfree ovine follicular fluid to PMSG-treated hypophysectomized sheep significantly inhibited the growth of follicles to > 2^1 mm in diameter (for a review of more recent work, see Ginther et ah, 1996) .
The partial purification of a granulosa cell inhibitory factor (GCIF) of low molecular mass ( < 5000 Mr) from bovine follicular fluid that inhibited granulosa cell proliferation in vitro has been reported (Hynes et ah, 1996a) .
Injection of GCIF into female rats decreased the number of large follicles, increased the number of small follicles, and decreased ovarian and uterine mass. In vitro, GCIF markedly reduced the stimulatory effects of FSH, androstenedione, epidermal growth factor (EGF) and insulin-like growth factor I (IGF-I) on granulosa cell proliferation, indicating that it may play a significant role in modulating the effects of systemic hormones and intraovarian growth factors on granulosa cells and on the growth of follicles. GCIF also decreased the stimulatory effect of IGF-I on the aromatase activity of granulosa cells in vitro. Two factors with similar properties to GCIF have been reported by other workers. Kigawa et ah (1986) partially purified a factor with an estimated Mr of 1-3 kDa from pig follicular fluid that inhibited oestradiol and progesterone secretion both by rat granulosa cells in vitro and by the ovaries of hypophysectomized diethylstilboestrol-treated immature rats in vivo. Another factor with similar activity to GCIF was described by Chakravorty et ah (1991) ; this factor was isolated from a < 10 kDa fraction of rat follicular fluid and was named granulosa cell mitostatic protein (GCMP (Briand et ah, 1985; Staros et ah, 1986) . In this reaction, l-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) catalyses the formation of amide bonds between carboxylic acids and amines and the reaction is enhanced by the presence of N-hydroxysulfosuccinimide (NHS).
Human serum albumin (8.7 mg) was added to 4 mg (peptide equivalent) of GCIF and 1.1 mg NHS (Sigma) to produce 10 mg of the GCIF-HSA conjugate. Assuming that the molecular weight of GCIF lies in the range 1-5 kDa (Hynes et al, 1996a) , this gives a ratio of moles of GCIF to moles of carrier of from 32:1 to 6.4:1 and a ratio of EDC to GCIF of from 31:1 to 155:1. The amount of peptide equivalent material in the GCIF fraction was determined by absorbance measurements at 260 and 280 nm (Johnstone and Thorpe, 1982 (Gordon, 1983 6 (9) 15 (23) 30 (47) 8 (13) 5 (8) GCIF-HSA 56 1(2) 4 (7) 23 (41) 15 (27) 9 (16) 3 (5) 1 (2) The HSA and GCIF-HSA immunization treatments were significantly different from each other (chi-squared test, < 0.01). 17 (27) 23 (36) 15 (23) 9 (14) ---GCIF-HSA 56
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antibody titres > 1 in 60 000 by the end of the experiment (1 in 75500 ± 6028 over all measurements taken) and only two sheep at any stage had antibody titres < 1 in 60 000. This result indicates that the peptide conjugation and imrnunization procedures used were efficient.
Effects of serum from animals immunized against HSA and GCIF on the inhibition of cell proliferation induced by GCIF
The inhibition exerted on granulosa cell proliferation by GCIF was approximately 40%, and this result is consistent with previous results (Hynes et ah, 1996a) . Addition of serum collected from animals immunized against GCIF, at concentrations of 0.01% and 0.1%, completely abolished the inhibitory effect of 0.1 pg GCIF ml·1 and partially abolished the effect of 1 pg ml·1 (Fig. 3) . A concentration of 1% of anti-GCIF serum completely abolished the inhibitory activity of GCIF at all GCIF concentrations examined.
The addition of either FCS or serum from animals immunized against HSA did not affect the inhibitory activity of GCIF on granulosa cell proliferation in vitro (Fig. 3 ).
Discussion
Granulosa cell inhibitory factor (GCIF) is a novel and, as yet, uncharacterized factor present in the peak 4 fraction from a G-25 Chromatographie separation of the low molecular weight fraction of bovine follicular fluid (Hynes et ah, 1996a,b (Long and McLean Evans, 1922) . This association between uterine mass and ovarian function has also been observed in animals immunized against either LH or GnRH, which were found to have markedly decreased ovarian and uterine masses (Popkin and Fraser, 1985) .
It would appear that GCIF is involved either in the selection of follicles to grow and reach pre-ovulatory status or in the maintenance of dominance by one follicle over others in the cohort. There are reports of the presence of a factor similar to GCIF in pig (Kigawa et ah, 1986) and rat follicular fluid (Chakravorty et ah, 1991 (Chakravorty et ah, ,1993 (Scaramuzzi and Hoskinson, 1984; Webb et ah, 1984) , and the peptides, oxytocin (Wathes et ah, 1989) and inhibin (Morris et ah, 1991; Murdoch, 1994) . Immunization against each of these factors has been shown to alter ovulation rate in sheep, but all of these factors differ from GCIF either in molecular weight, solubility properties or action on ovarian cells.
Addition of anti-GCIF serum to granulosa cell cultures treated with GCIF abolished the inhibitory activity of the GCIF on granulosa cell proliferation, either completely or partially in almost all cases. This finding indicates that the serum of GCIF-immunized animals contained antibodies that blocked the inhibitory activity of GCIF on granulosa cell proliferation, as well as antibodies that increased large follicle growth and ovulation rate, presumably by binding some factor that inhibits follicular growth and ovulation. These data are consistent with the hypothesis that GCIF, which inhibits granulosa cell proliferation in vitro, also inhibits large follicle growth in vivo.
This study provides further evidence that a low molecular weight factor in follicular fluid, GCIF, which inhibits granulosa cell proliferation in vitro, inhibits large follicle growth and ovulation in vivo. This study also indicates that it may be possible to control ovulation rate by immunization against this factor.
